T
here are over 700 000 prevalent cases of end-stage renal disease (ESRD) in the United States and approximately 100 000 new incident cases yearly. 1 An overwhelming body of research has demonstrated that kidney transplantation is superior to dialysis due to the longer and higher quality life it imparts, 1-3 but most ESRD patients still remain on dialysis. Patients remaining on dialysis and patients presenting for transplant are uninformed of their option for transplant, 4 have suboptimal levels of transplant knowledge, or believe myths about transplant, due to a lack of accurate information about its benefits and risks. 5, 6 These barriers may be more severe for racial and ethnic minorities, and likely play an important role in the continued disparities in receipt of living donor kidney transplant. 7 For these reasons, improving transplant knowledge and informed decision making for all kidney patients is critical. The Centers for Medicare and Medicaid Services requires that dialysis patients be informed of their option for transplant within the first 45 days of starting treatment. 8 Several transplant education programs have been developed over the last decade to help inform dialysis patients seeking transplant about the risks and benefits of getting a transplant. [9] [10] [11] [12] [13] [14] [15] [16] Though significant progress has been made by these programs, access to transplant is still lower than desired, and additional improvement of transplant education interventions is needed. 7 It is critically important for interventions to use reliable and valid transplant knowledge instruments in order to accurately characterize these interventions' effects. To date, few measures of kidney transplant knowledge have been developed and published. 17 Therefore, this study aimed to develop and validate a new transplant knowledge scale.
Original Clinical Science-General
Background. Kidney transplant is the best treatment for most end-stage renal disease (ESRD) patients, but proportionally few ESRD patients receive kidney transplant. To make an informed choice about whether to pursue kidney transplant, patients must be knowledgeable of its risks and benefits. To reliably and validly measure ESRD patients' kidney transplant knowledge, rigorously tested measures are required. This article describes the development and psychometric testing of the Knowledge Assessment of Renal Transplantation (KART). Methods. We administered 17 transplant knowledge items to a sample of 1294 ESRD patients. Item characteristics and scale scores were estimated using an Item Response Theory graded response model. Construct validity was tested by examining differences in scale scores between patients who had spent less than 1 and 1 hour or longer receiving various types of transplant education. Results. Item Response Theory modeling suggested that 15 items should be retained for the KART. This scale had a marginal reliability of 0.75 and evidenced acceptable reliability (>0.70) across most of its range. Construct validity was supported by the KART's ability to distinguish patients who had spent less than 1 and 1 hour or longer receiving different types of kidney transplant education, including talking to doctors/medical staff (effect size [ES], 0.61; P < 0.001), reading brochures (ES, 0.45; P < 0.001), browsing the internet (ES, 0.56; P < 0.001), and watching videos (ES, 0.56; P < 0.001). Conclusions. The final 15-item KART can be used to determine the kidney transplant knowledge levels of ESRD patients and plan appropriate interventions to ensure informed transplant decision making occurs.
MATERIALS AND METHODS

Data Sets
This study used data from 2 randomized controlled trials with dialysis and patients presenting for transplant evaluation. The study protocols were published elsewhere. 9, 18 In both studies, knowledge of kidney transplant was assessed before and after administration of the interventions. Only the baseline assessment from each of these studies was used so that transplant knowledge levels observed in these data are not biased by the interventions. The first study (study 1) was conducted with English-speaking, black, white, and Hispanic adults (18+) who contacted the UCLA Kidney Transplant Program to begin evaluation for kidney transplant between May 2014 and March 2017. Study 1 contributed 733 patients to the analysis sample. The second study (study 2) was conducted with Englishspeaking, black and white adult (18+) dialysis patients in dialysis centers throughout Missouri between 2014 and 2016. Study 2 contributed 561 patients to the analysis sample, resulting in a total of 1294 patients for the analyses. The UCLA Institutional Review Board approved the protocols used to collect the data in both studies (study 1: 14-000382; study 2, 14-000802) and both trials were registered with ClinicalTrials.gov (study 1, NCT02181114; study 2, NCT02268682).
Transplant Knowledge Items
Seventeen transplant knowledge items were administered to participants by a research coordinator over the telephone in each study (Table 1) . On average, it took 5 to 10 minutes to complete the measure. Ten of the items had "true/false/don't know" response options and 7 had multiple choice, each of which also included a "don't know" option. Item development involved a multidisciplinary, clinical and academic team of nephrologists, dialysis staff, and psychologists with expertise in kidney disease and patient-reported health measure development. After a systematic review of the literature and formative qualitative 19 and quantitative 20 research with previous transplant recipients, each item was written by A.D.W. Items were written to specifically address questions important to kidney patients in the formative research (eg, likelihood of negative impact on living kidney donors covered by items I1 and I17 (Table 1) . Then, each item was reviewed for relevance and appropriateness by the expert team. In addition, each item was reviewed for relevance and understandability by a racially diverse panel of kidney patients, including kidney transplant recipients and dialysis patients. Each item asks about a benefit, risk, or general fact about kidney transplantation. For this article, each item's response was recoded as 0, "don't know"; 1, "incorrect"; 2, "correct." Items with missing responses were left missing and not assigned any other value. This coding orders responses to each item from the lowest transplant knowledge ability (does not know the answer) to the highest ability (correct answer).
Other Study Measures
In addition to the transplant knowledge items, we asked participants' demographic characteristics including race/ ethnicity, sex, age, level of education, type of health insurance, and whether the patient was on dialysis. Previous access to transplant education was assessed, including whether the patient had read brochures, watched videos, browsed the internet, or talked to their doctor/medical staff about transplant. Patients were asked whether they had ever received each type of transplant education material ("yes/no"), and, if they responded "yes," how many hours they had spent on each. For each type, we dichotomized responses as having spent less than 1 hour versus 1 hour or longer, excluding patients who said they did not receive each type of education previously. We also assessed health literacy with 2 items. The first asks patients how often they require help reading hospital materials. Responses were dichotomized into "None of the Time" versus "A little, some, most, or a lot of the time." The second item asks patients how confident they are filling out medical forms. Responses were dichotomized into "Extremely confident" versus "Quite a bit, somewhat, a little bit, not at all confident." 21 
Transplant Knowledge Scale Evaluation
Item Response Theory (IRT) was used to assess the transplant knowledge items. Use of IRT offers several benefits, including being able to estimate the reliability of the scale at different locations along the underling knowledge continuum. We implemented a graded response model 21, 22 that yields an estimate of transplant knowledge (mean of 0 and standard deviation of 1), with higher scores indicating higher knowledge. The model also estimates item difficulty thresholds (b), defined as the location on the knowledge continuum where there is a 50% probability of answering below versus above the threshold. Because the transplant knowledge items in this article each have 3 response categories, each item has 2 b parameter estimates, one where the probability is 50% for selecting "don't know" versus "incorrect" or "correct" (b 1 ) and one where the probability is 50% for selecting "don't know" or "incorrect" versus "correct" (b 2 ). For example, an item with b 1 of −1 and b 2 of 1 has a difficultly such that respondents with transplant knowledge ability 1 standard deviation below the mean have a 50% probability of answering "don't know" versus giving an incorrect or correct response, and those with a transplant knowledge of 1 standard deviation above the mean have a 50% probability of answering "don't know" or giving an incorrect response versus a correct response.
A second item parameter, the discrimination parameter (a), indicates how well items differentiate between patients of lower and higher levels of knowledge (theta), with higher values indicating better discrimination. The discrimination parameter can also be presented in the more familiar factor loading metric. Item characteristic curves with the latent trait estimate (theta) on the x axis and the probability of response for each response category on the y axis are used to evaluate the performance of each response option. Each response category should have the highest likelihood of being selected somewhere along the underlying knowledge distribution and the location on the continuum where response categories are most likely to be chosen should support a monotonic relationship with theta.
Model parameters were estimated using full-information maximum likelihood estimation. After estimating item parameters using the graded response model, items with low discrimination (low factor loadings) were dropped. Model fit was assessed with Akaike's information criterion and the Bayesian information criterion. For both statistics, lower values indicate better model fit. The scale reliability is estimated by the model directly.
A key assumption of unidimensional IRT models is that all the items represent a single underlying construct. As an initial test of unidimensionality, we conducted an exploratory factor analysis including all items and examined the ratio of the first eigenvalue to the second. Ratios of >4 indicate unidimensionality. 22 In addition, unidimensionality was assessed with a confirmatory factor analysis (CFA) model wherein each item loaded onto a single factor. The CFA was fit in Mplus version 8, using weighted least squares with mean and variance adjustment estimation for categorical items. 23 We took good model fit as evidence of unidimensionality. Model fit was defined as a root mean square error of approximation value less than 0.06 and a comparative fit index value greater than 0.90. 24 A second key assumption is of IRT monotonicity, or that the probability of responding with higher response categories increases with higher levels of the underlying trait. In this context, we tested the hypothesis that patients with lower to higher underlying levels of transplant knowledge would have increasing probabilities of selecting incorrect responses versus responding "don't know," then of selecting correct responses versus incorrect responses. This hypothesis was tested for each item by regressing the sum of all items on each item separately and examining Duncan multiple range tests, a post hoc means comparison test applied after 1-way analysis of variance that helps determine rank ordering of means. For these tests, we took significant differences of means with ordering such that patients who gave "don't know" responses had the lowest means and those with "correct" responses had the highest means. The monotonicity assumption would be evidenced if patients responding "don't know," an incorrect response, and a correct response would have increasing means on the summed scale, respectively. In addition, monotonicity is evidenced by item characteristic curves.
After item reduction and a final graded model was fit, a scale score was created for each respondent. We used the expected a posteriori approach to estimating transplant knowledge scores. 25 Because expected a posteriori estimated scores are expressed on the z score metric, we linearly transformed them to a T score metric where,
The T scores do not have an upper and lower limit, but higher scores indicate higher transplant knowledge. IRT analyses were conducted in flexMIRT version 3.5.1. 25 
Statistical Analysis
All statistical tests used a P value less than 0.05 to indicate statistical significance and were conducted in SAS version 9.4.
26 Participant characteristics were summarized with proportions, frequencies, means and ranges. We described each item by calculating the proportions and frequencies of each response option. After the transplant knowledge scale was created, we calculated the mean, standard deviation, and percentile scores. To test construct validity, we examined mean differences in the transplant knowledge scale T scores between groups of patients who had previously talked to doctors/medical staff, read brochures, browsed the internet, and watched videos about transplant for less than 1 hour versus 1 hour or longer with independent samples t tests. Cohen d effect sizes for these tests were calculated as the difference in mean T score between groups divided by the pooled standard deviation for the scale. Cohen cutoffs for this effect size estimate were used to determine its magnitude (small, 0.20 ≤ d < 0.50; medium, 0.50 ≤ d < 0.80; large, d ≥ 0.80). 27 
RESULTS
Participants
The largest proportion of participants were black (45%), male (57%), had a high school diploma or less education (42%), had Medicare (68%) or Medicaid (57%) insurance, and were on dialysis (82%) ( Table 2 ). The mean age was 53 years. Most patients had previously talked to doctors/medical staff about transplant (86%) and read brochures about transplant (68%). Several characteristics differed between patients from the 2 contributing studies, including race/ethnicity, sex, education level, type of health insurance, and number of hours of transplant education received. Notably, the level of health literacy did not differ between these cohorts.
Transplant Knowledge Item Descriptions
The percentage of correct responses for items ranged between 18% (I15) and 78% (I3 and I7) ( Table 1) . Intuitively, items with "true/false/don't know" response options were answered correctly more frequently than those with multiple choice response options. Each item was missing less than 0.5% of the responses.
IRT Modeling
The first and second eigenvalues from the exploratory factor analysis had a ratio of 4.5 (5.8/1.3), suggesting unidimensionality. The 1-factor CFA model fit reasonably well with root mean square error of approximation value of 0.06 and comparative fit index of 0.90. Though on the borderline of fit index cutoffs, these results suggest that the items are unidimensional and reflect a single, underlying factor. In addition, Duncan multiple range tests provided evidence that each item had monotonic responses in the expected pattern of "don't know," incorrect, and correct as mean summed scores increased.
Having evidenced unidimensionality and monotinicity, we proceeded to fit an IRT graded response model. The b 1 difficulty parameters ("don't know" vs other responses) represent the low end of the theta range (underlying transplant knowledge ability), and the b 2 difficulty parameters ("correct" vs other responses) cover higher theta scores (Table 3) . For example, for I13, patients with a theta value of −1.55 (approximately 1.5 standard deviations below the mean transplant knowledge level) had a 50% probability of answering "don't know" versus "incorrect" or "correct."; those with a theta value of 1.18 (over 1 standard deviation above the mean transplant knowledge level) had a 50% probability of answering the item correctly versus responding incorrectly or that they do not know the answer. The item characteristic curve shown in Figure 1 depicts this trend for I13 as an example, though curves were generated and inspected for all items. The easiest items, as determined by b 1 and b 2 , were I2, I3, I7, and I10. The most difficult items were I13 and I15. Figure 1 also serves as an example of an item with welldistributed response options, because each response ("don't know," "incorrect," "correct") covers a unique area under the curve of transplant knowledge level. For example, for I13, patients with theta values between −3 and −1.55 (lowest transplant knowledge ability) have a higher probability of responding "don't know" than to give an incorrect response. In turn, patients with theta values of −1.56 to 1.00 have a higher probability of giving an incorrect response than to give a correct response or respond that they do not know the answer. Finally, patients who had theta values of 1.01 to 3 have a higher probability of answering correctly than to give an incorrect response or to respond that they do not know the answer. Most of the multiple-choice items showed this pattern, though most of the true/false/don't know items did not.
Item discriminations ranged between 0.55 and 1.21. The 2 items with the lowest discrimination were I2 and I4, and each of these had a factor loading of <0.40. For this reason, we omitted I2 and I4 from the scale. After removing these 2 items, model fit improved: Akaike's information criterion decreased from 39 221.95 to 34 467.35, and Bayesian information criterion decreased from 39 485.39 to 34 699.79.
The test information function for the 15-item scale (after removing I2 and I4) is shown in Figure 2 . Information was highest at theta of −1.2 (approximately 1 standard deviation below the mean), where the information value was 4.77, entailing a reliability of 0.80. Information was lowest at the highest theta values, ranging between theta of 2.0 and 2.8, entailing reliabilities of 0.52 to 0.65 within this range. The marginal reliability of the 15-item scale was 0.75, indicating acceptable reliability.
We created the Knowledge Assessment of Renal Transplantation (KART) from these 15 items. On the T score metric (mean = 50, SD = 10), the lowest observed score was 10.9 and the highest was 75.5. Using the information from Tables 1 and 4 , the KART scale can be administered and scored. Table 1 shows all the items and possible responses, indicating whether or not each is included in the 15 item KART scale. Then, Table 4 shows conversions from summed scores to T scores. After administering the 15 KART items, responses can be recoded as 0, "don't know"; 1, incorrect response; 2, correct response. Then, these responses are summed to obtain a raw score ranging from 0-30. Finally, Table 4 is used to match the raw score with the T score. Table 5 shows differences in the KART T scores between patients who had previously talked to doctors/medical staff, read brochures, browsed the internet, and watched videos about transplant for less than 1 hour versus 1 hour or longer. All differences were significant at P less than f Calculated only among patients who reported "yes" to each previous transplant education experience. g 27 patients received this educational experience but did not specify the number of hours. h 24 patients received this educational experience but did not specify the number of hours. i 11 patients received this educational experience but did not specify the number of hours. j 11 patients received this educational experience but did not specify the number of hours.
Construct Validity
0.001 and effect sizes were of small to medium magnitude, ranging from d of 0.44 to 0.64.
DISCUSSION
Kidney patients present to community nephrologists' offices, dialysis centers and transplant centers with varying levels of transplant knowledge. Reliability and validity in transplant knowledge assessment is necessary to scientifically study efforts to improve transplant knowledge among these patients. Reliable and valid knowledge outcome knowledge measures can help providers conduct brief knowledge assessments and tailor education and discussion accordingly. They can also help ensure investigators assess the efficacy of individual educational trials and allow comparisons of transplant knowledge to occur across trials.
After a comprehensive development process and psychometric evaluation of the KART, a new, general kidney transplant knowledge scale covering both living and deceased donation, we found evidence supporting the KART's reliability and construct validity for use with diverse patients on dialysis and those seeking kidney transplantation.
The KART may be immediately helpful in research trials assessing the efficacy of transplant education programs. In addition, other research designs, such as population-based surveys or cohort studies examining the average level of transplant knowledge in a targeted patient population may also benefit from use of this measure. 28 Current transplant education programs that have not been rigorously tested for improving transplant knowledge could incorporate the KART for this purpose. 29 The KART is brief at only 15 items. Also, past research has shown that patients who present to the transplant center to begin evaluation often have little knowledge about it. 28 Transplant knowledge screening using the KART for patients who are in most need of educational support can help direct staff resources most efficiently. 30 The summed score to T score conversion table found in Table 4 can be used to obtain KART scores easily if it is administered in the clinical transplant education or quality improvement settings. The T score metric based on IRT scores is often superior to summed scores because they incorporate information about the items' difficulty and discriminatory ability, they also provide a truly linear scale with equal distance between values (eg, the difference between values of 1 and 2 is the same as the difference between values of 2 and 3), and the score for a group is always able to be evaluated in terms of standard deviations from the mean.
In addition, because the KART is based on IRT parameters, it could be administered as a computer-adaptive test. This would allow fewer items from the KART to be administered while retaining its current measurement properties, or to administer different subsets of items from the KART that can be mapped back to a common metric. This flexibility could be leveraged to aid in efficient, flexible transplant knowledge assessments in a variety of settings. The KART evidenced the highest reliability for patients with lower levels of kidney transplant knowledge. The patients most likely to benefit from kidney transplant education interventions are those with low transplant knowledge, including patients whose kidneys have not yet failed or who have just started dialysis. Therefore, the KART is most reliable for the patients with whom it may be most critical to assess kidney transplant knowledge. We also note that the reliability of the KART is lower than, both overall and at various theta values, previously published cutoffs for individual use, that is, 0.90 or greater. 31 Despite KART reliability values falling below this cutoff, we believe it may have value for clinical use with individual patients in some cases where its content is relevant for the clinical application. However, we do recommend caution in interpreting its results in these cases. On the other hand, reliability almost always exceeded standards for group comparisons (>0.70), indicating an important role for KART not only in research, but in dialysis-based or transplant center-based quality improvement projects to examine the impact of patient education materials about kidney transplant.
One unique aspect of the KART is its use of "don't know" responses in the scoring algorithm. Like other studies, we found evidence that individuals who select the "don't know" response have the lowest level of knowledge. 32, 33 However, there is no consensus on whether or not use of a "don't know" option is appropriate for tests of knowledge, and tradeoffs associated with including this option must be considered. Some benefits of including a "don't know" option include increased reliability and increased score accuracy. 34 In addition, scales with "don't know" options included in scoring may be more sensitive to knowledge improvements associated with educational interventions, especially for individuals with very low knowledge at baseline. 35 On the other hand, inclusion of "don't know" responses may reduce construct validity by introducing variance in responses not related to the level of transplant knowledge itself, because it would lead individuals with lower willingness to guess the answer to an item not to choose one of the substantive response options. 34 Future studies should further explore the optimal scoring approach for the KART.
This study has several limitations. First, these data only included English-speaking patients. With a large presence of Spanish-speaking kidney patients in the United States, 1 this measure's psychometric properties must be explored and tested among this group specifically. Next steps include differential item functioning analyses with these patient populations, as well as with other key patient subgroups, like race/ethnicity, age, and sex groups. In addition, the items included in the KART were intended for patients receiving dialysis or seeking transplantation, and their measurement properties were tested only among a limited sample of kidney patients in the United States meeting these criteria. Additional patient populations, including some patients in CKD stages 3 and 4 who have not yet started dialysis and kidney patients outside of the United States, also may require assessment of kidney transplant knowledge. The measurement properties of the KART should also be examined with these patient populations. Finally, the sample of patients used here participated in 2 This conversion is based on a summed score with response coding of the items as 0, "don't know"; 1, "incorrect"; 2, "correct." randomized controlled trials. Therefore, it may not represent the national ESRD population in terms of clinical characteristics. Next steps would include administration of this instrument in large probability samples. Future updates to the KART should also include more difficult items that better test transplant knowledge among patients experienced with kidney transplant seeking, but who could still learn important information about its process and outcomes. These may include more questions on the risks of transplant, as research emerges to increase that knowledge base. Although the KART provides a brief assessment of general transplant knowledge, in cases where targeted focus on specific elements of kidney transplantation (eg, living donation), the subscales of the Rotterdam Renal Replacement Therapy Knowledge Test may be a better option to use, as that test has also demonstrated good measurement properties. 17 Finally, this study used secondary data from previous studies not suited for some reliability and validity analyses, including test-retest reliability and construct validity tests against other knowledge scales like the Rotterdam Renal Replacement Therapy Knowledge Test. Future, prospective studies should seek to conduct these analyses.
In conclusion, the 15-item KART can be used in both research and clinical settings to determine the kidney transplant knowledge of ESRD patients and to tailor educational interventions and discussions accordingly. Because it is brief, the KART can be used without imposing significant burden on patients or clinicians. Using this measure in studies and in clinic with such patients will mark an improvement over measures without demonstrated psychometric properties.
